The waste generated by the citrus industries has become a problem for the food and chemical industries. One of the possible solutions is its use for the extraction of pectin. In this work, the extraction of pectin by acid hydrolysis of pomelo albedo was investigated. The capacity for solubilization, precipitation and the physicochemical properties of the obtained pectin using three precipitating solvents (methanol, ethanol and 1-propanol) were compared. A factorial experimental design was used to evaluate the effect of pH, extraction time and alcohol precipitation on the pectin yield. It was determined that methanol was the best extracting solvent with a yield of 8.97% on a dry basis, at pH 2.5 and contact time of 60 minutes. The pH was the most important factor in the extraction, while the time did not have a significant effect on the pectin yield. The results showed that the extracted pectin have high methoxyl, rapid setting, and high purity due to its content of galacturonic acid.
Introduction
Pectins are polysaccharides extracted from plant sources; they are heterogeneous, hygroscopic and soluble in acids and water, with properties of gelling, stabilization of emulsions and nutritional fiber supply [17] . It is considered an essential ingredient in the food and chemical industries. It is used for the manufacture of jellies, ice cream, sauces, and cheeses, among others. Also, it is employed in the pharmaceutical industries when it is desired to modify the viscosity of their products and in the plastics industry for the manufacture of foaming products [7] . Commercial sources of pectin come from apple pulp (15-18%) and citrus peel (20-30%) [9] . Nowadays, companies and micro-companies processing natural juices of oranges, pomelo and lemons produce large amounts of waste (albedo) which potentially could lead to health problem promoting the proliferation of insects, fungi, bacteria and odors by decomposition. In Colombia, peels of pomelo are used for the extraction of essential oils; the forage and the remaining fraction is left in the open air or burned, due to the difficulties that arise in their storage because it is necessary to dry them to avoid their fermentation [12] . One solution to this problem is the use of these pomelo residues for the extraction of pectin by acid hydrolysis. Industrially, the solvents used in the extraction are water, ethanol, and methanol [15] . In this work, the extraction of pectin from pomelo albedo was investigated using three precipitating agents (methanol, ethanol and 1-propanol), with the objective of establishing an alternative method in the use of these residues (albedo). In this way, the pomelo albedo could have an added value and provides economic and socioenvironmental sustainability capabilities to the companies related to this fruit.
Materials and Methods
The methodology proposed by Methacanon, Krongsin and Gamonpilas (2014) was used for the extraction of pectin [10] . The residues of the pomelo (albedo) were taken from a micro-factory that produces natural juices extracted manually. Three factors were evaluated: pH, extraction time and precipitating solvent (methanol, ethanol and 1-propanol) with a full 2x2x3 factorial design; the experimental tests were carried out in triplicates. Figure 1 shows a blocks diagram of the pectin extraction process from pomelo albedo. The albedos were selected and suspended in water with a solid/liquid ratio of 1:10 (g/L) and heated to boiling to inactivate the pectic enzymes. The pectin was extracted by acid hydrolysis, and the pH was adjusted with HCl (2 M), the extraction was carried out at constant temperature (80 °C) for 45 minutes. The resulting solution was filtered and concentrated to one-fifth of its volume. The precipitating agent (methanol, ethanol or 1-propanol) was added to the filtrated for the precipitation of the pectin. Finally, the pectin was dried and pulverized for its characterization. Table 1 shows the on dry basis yields of the pectin obtained from the pomelo albedo. The best precipitating solvent was methanol because it reached the highest extraction yield (8.97% on dry weight basis), after 60 minutes and at pH 2.5. 
Results and discussion

pH effect on the pectin yield
The highest pectin yields were reached when the pH was 2.5 (Table 1) . This behavior can be explained by the weak acid properties of the pectin [13] . A decrease in the pH increases the degree of dissociation of the carboxylic groups, producing dipole-dipole, induced dipole and hydrogen bonding interactions with each other or with neighboring molecules [17] . At lower pH, the probability of solubilizing some insoluble pectic substances such as protopectin increases, for this reason, the use of strong acids is preferred [5] .
The results of Table 1 coincide with those obtained by Khan et al. (2014) , which achieved pectin yields of 10.22% (pH of 1.5) and 1.63% (pH of 2.0) [8] . The pectin yield increases at low pH and longer extraction times [1, 10] . An analysis of variance (ANOVA) with 95% confidence and a Pareto analysis verified that the most important factor was pH [10] . Using a Tukey's HSD test, it was confirmed that there are significant differences for extraction yields at both pH levels (2.5-3.0).
Time effect on the pectin yield
In figure 2 , it is observed that the extraction time (45 and 60 min) did not have a significant influence on the pectin yield. This result was confirmed for each precipitating solvent through an ANOVA and a Pareto analysis with 95% of confidence. The yield was slightly favored for the time of 60 minutes, in both pH levels, due to a longer contact time and interaction between the solvent and the insoluble pectic substances, increasing the degree of dissociation to obtain the pectin [16] . 
Precipitating solvents effect on the pectin yield
The pectin yield increased with the polarity of the precipitating solvent, that is, higher for methanol, followed by ethanol and 1-propanol respectively. These results agree with the trend observed by Norziah, Fang and Karim (2000) [11] , who also obtained higher yields with ethanol than with 1-propanol. Methanol showed higher chemical affinity with pectin solutions, due to the easier and higher rate of formation of methyl esters from the carboxylic groups of galacturonic acid (GalA) [6] . Therefore, methanol promotes the hydrophobic interactions and hydrogen bonds that allow the gelling of the polysaccharide from the pectic solutions [2] . Under the experimental conditions used in this work, it can be affirmed that the pectin obtained from the pomelo albedo is non-polar, due to its insolubility in the alcohols tested [13] . The ANOVA and the Tukey's HSD multiple rank test showed significant differences for the methanol-ethanol and methanol-propanol mixtures, while homogeneous groups were found for ethanol-propanol. Therefore, methanol can be proposed as a precipitating solvent to be considered in the extraction of pectin.
It is important to note that this research only used the albedo and not the complete pomelo peels, which include the flavedo, the albedo, and the lamella. For this reason, in the literature there are reported higher yields than those shown in Figure  2 . Additionally, the efficiency of extraction of pectin depends on several factors as raw material, pH, temperature, the solid/solvent ratio and the extraction method [5, 10] . The results obtained in this work indicate that the precipitating solvent is a factor to be taken into account in the extraction of pectin from pomelo peels.
Characterization of pectin
The pomelos used were classified as ripe fruits because their maturity index (17.88) was higher than the minimum maturity index (IM> 6.5) [14] . Table 2 summarizes the properties percentage of alkalinity, ash, free acidity, methoxyl content, and GalA for the pectin precipitated with methanol. Methanol precipitation of pectin obtained a percentage of alkalinity close to 0.45% (Table 2) , a value similar to that obtained in commercial pectin [14] . Additionally, the alkalinity was lower at pH 2.5, indicating that at higher pH there is a greater amount of soluble carbonates. The percentage of ashes (1.55%) in the pectin suggests that it has not a significant amount of inorganic matter that can adulterate the final product [6] . In Table 2 , it can be seen that free acidity increased as pH decreased because of the carboxyl groups are de-esterified and therefore, fewer salts or esters and more acid groups are present in the solution [6] . The percentage of methoxyl (12.50%) indicates that the extracted pectin is of high methoxyl content due to it overcomes the minimum international standards (6.70% USP) [3] . Based on the degree of esterification of 92.12%, it can be affirmed that the pectin obtained is of rapid setting since the minimum acceptance percentage is 81.50% USP grade [4] . Methanol precipitation pectin reached higher values of GalA (95.55%) which indicates that extracted pectin was pectin of high purity.
Conclusions
Methanol was the precipitating solvent that presented the highest yield with 8.97% at pH 2.5 and extraction time of 60 minutes. Therefore, methanol can be a promising precipitating solvent in the extraction of pectin in replacement of ethanol, acetone or salts usually employed. It was determined through an ANOVA (95% confidence) that the most relevant factor in pectin extraction was the pH and that there were significant differences between the two pH levels (2.5 and 3.0) and among the precipitating agents (methanol, ethanol and 1-propanol). The extraction time did not have a significant effect on the response variable (pectin yield). The pectin precipitated with methanol can be classified as high methoxyl (12.50%), high esterification grade (92.12%), high purity (95.50% GalA) and rapid setting. Besides, the low amount of inorganic matter likely could not adulterate the pectin, due to the percentages of ash of 1.55% and ash alkalinity of 0.45%.
